Anaerovibrio lipolytica strain 5s, an anaerobic rumen bacterium, produced an extracellular lipase during exponential growth in batch cultures. The lipolytic activity was excluded from Sephadex G-200, and the purest preparations obtained contained two components when examined by electrophoresis or by ultracentrifugation and a large proportion of nucleic acid. The enzyme was most active at pH 7.4 and at 20 to 22O; activity was enhanced by CaCI, or BaCI, while ZnC1, and HgCI, were inhibitory. Sodium chloride at high concentration was also inhibitory. Trilaurin was most rapidly hydrolysed of the triglycerides but diglycerides were more rapidly hydrolysed than were triglycerides.
INTRODUCTION
A bacterium able to hydrolyse linseed oil triglycerides to glycerol and free fatty acids was isolated by Hobson & Mann (1961) from the rumen of a sheep. Hungate (1966) designated it Anaerovibrio IipoZytica and the behaviour of a strain (5s) in continuous culture was described by Hobson & Summers (1966), Hobson & Summers (1967) and by Henderson, Hobson & Summers (1969) . This paper describes an attempt to isolate, purify and characterize the enzyme or enzymes responsible for its extracellular lipolytic activity.
METHODS

Organism. The bacterium used was Anaerovibrio Zipolytica strain 5s of Hobson
Media. The bacteria were grown in a complex medium containing, per IOO ml.: 0.6 g. Difco yeast extract (Bacto Laboratories, Detroit, U.S.A.); 0.75 g. Casein hydrolysate (Oxoid Ltd, London); 15 ml. 0.3 % (w/v) dipotassium hydrogen phosphate; 15 ml. 0.3 % (wlv) potassium dihydrogen phosphate (AR grade); 0-1 ml. 0.1 % (w/v) resazurin; and 10 ml. solution (a), which contained 5 % (w/v) glycerol (AR grade), 0.5 % (w/v) cysteine HCI (Biochemical reagent: British Drug Houses, Poole, Dorset) and 6 % (w/v) sodium bicarbonate (AR grade).
Solution (a) was sterilized by Seitz filtration and added under a CO, atmosphere to the basal medium, sterilized by autoclaving (121'/15 min.). These anaerobic media were prepared by techniques similar to those of Hungate (1950) and Hobson (1965) .
Lipase assays. Lipase activity was measured as the rate of release of fatty acids from emulsified substrates. Emulsions were prepared from IOO mg. of substrate in 10 ml. 
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When olive oil or triglycerides purified from olive oil were used as substrates, the extraction method of Dole & Meinertz (1960) was used and the fatty acids liberated titrated with 0.01 N-NaOH using Nile Blue sulphate (0001 %, w/v) dissolved in 9: I (vlv) ethanol : H 2 0 as indicator. The alkali was stored under C03-free conditions and standardized against oleic acid in n-heptane solution.
When short or medium chain length triglycerides were used, Cohen, Morgan & Hofman's (I 969) extraction method was employed and titrations performed with tetrabutyl ammonium hydroxide in toluene/methanol solution. This solution was standardized at about 0.01 N using oleic acid in toluene solution with bromothymol blue (0.1 % (w/v) in absolute ethanol) as indicator for the single-phase titration.
In a typical experiment, 9 ml. of emulsion were incubated with I ml. enzyme preparation, I or 2 ml. samples of emulsion being removed at zero time and at 30 min.
for determination of free fatty acids. Activity is expressed in 'units', a unit being the amount of enzyme which releases I pequiv. fatty acid/min., from emulsions of olive oil at pH 7-4 and 2 0 ' .
Protein was estimated by the method of Lowry, Rosebrough, Farr & Randall (195 I) , with bovine serum albumin (Armour & Co., London) as reference protein, NucZeic acid was determined by the method of Ogur & Rosen (1950) . Bacteria-free culture medium was prepared by centrifugation at 2000g for 25 min. Dry weights were measured on samples freeze-dried after exhaustive dialysis against distilled water, Total nitrogen in bacterial suspensions was measured by a micro-Kjeldahl me tho d. Tricaprylin, tricaproin, trilaurin and triolein were all obtained from Analytical Standards, Gothenburg, Sweden, and were greater than gg % pure.
Triglycerides from olive oil were isolated by chromatography on Alumina (May & Baker, Cumbernauld, Dunbartonshire) as described by Jensen, Marks, Sampugna, Quinn & Carpenter (1966) . When examined by thin-layer chromatography on silicic acid, the purified preparations were found to contain only triglycerides. Tributyrin was laboratory reagent grade (B.D.H.). Olive oil (B.P.) was purchased from Boots (Chemists), Nottingham. Diolein was synthesized from its constituent compounds by the method of Mattson & Volpenhein (1962) . Thin-layer chromatography indicated the presence of free fatty acids in the synthesized diolein.
All other chemicals used were AR grade.
RESULTS
The production of Zipase in batch cultures of Anaerovibrio Zipolytica
Batch cultures of Anaerovibrio Zipolytica were grown in a 300 ml. culture vessel at 38", with pH measurement and control and with a flow of 0,-free CO, to stir the culture. Samples were removed at intervals and lipase in bacteria-free medium or in resuspended bacteria assayed, using olive oil as substrate. Total nitrogen measure-
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ments were made on bacterial suspensions and the pH recorded and controlled as desired. Table I shows the results of three typical experiments. It was found that the enzyme activity began to appear in the bacteria-free medium soon after exponential growth of bacteria started, and then reached a peak and began to diminish as the culture went into stationary phase. The decrease in activity could be delayed if the culture pH was controlled at 6.3. No activity could be detected in the bacteria1 suspensions nor in bacteria which had been fragmented either by ultrasonic disintegration or by shaking with ballotini beads in a Mickle disintegrator. Because of wide variations in the lag phase in batch cultures, it was difficult to predict when maximum enzyme activity would be attained. Also, since enzyme production was associated with growth of bacteria, continuous culture was chosen as a means of producing large amounts of enzyme. The apparatus used was similar to that of Hobson & Summers (1967) .
PuriJication of the extracellular lipase of Anaerovibrio IQolytica
The outflow from the continuous culture was collected in a glass vessel cooled to I *. When the bacteria were growing at a dilution rate of 0.09 h.-l (mean doubling time of 7-7 h.) and the pH maintained at 6.3, large activities were measurable in the bacteriafree culture medium. The activity was maintained in the refrigerated vessel and this culture outflow provided a suitable starting material for enzyme isolation.
Initial attempts to concentrate the enzyme activity in bacteria-free medium by freeze-drying or ultrafiltration through collodion membranes were unsuccessful due to large losses of activity and the small volumes of medium which could be processed by these methods. The most successful method was an adaptation of that of Hofsten,
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van Kley & Eaker (1965) for isolating a bacterial protease. Litre amounts of bacteriafree medium were half-saturated with ammonium sulphate and 2 % (wlv) of cellulose powder added. This suspension was stirred for 3 h. at I O and the cellulose removed by centrifugation. A glass column 320 x 18 mm. was packed with the wet cellulose and the lipolytic activity eluted in 30 ml. 0.1 M-phosphate buffer, pH 7.4, dialysed for 16 h. against distilled water and concentrated to 5 ml. by ultrafiltration through a collodion membrane. The enzyme preparation was then loaded on a Sephadex G-IOO column (void volume 65 ml.) and eluted with 0.1 M-phosphate buffer pH 7.4. The lipase was detected in the protein eluted in the buffer equivalent to the void volume, which was concentrated to 3 ml. by ultrafiltration, and further purified by chromatography on a Sephadex G-200 column (void volume 221111.). Fig. I shows the elution patterns obtained using Sephadex G-IOO and Sephadex G-200 columns. Lipase assays and protein estimations were made at the following stages in the purification process: A, the culture medium from which bacteria had been removed by centrifugation; B, the material eluted from the cellulose column, as described in the text, after dialysis; C, the material eluted at the void volume from the Sephadex G-100 column; D, the material Table 2 , giving the data on the purification procedure, shows that with a loss of 95 % of the original activity a purification of 28 times was achieved. Further attempts at purifying the lipase using DEAE-cellulose or DEAE-Sephadex columns were unsuccessful since total loss of activity occurred. Samples of lipase purified on Sephadex G-200 columns were concentrated by ultrafiltration and examined in the SPINCO model E analytical centrifuge. Samples containing 0.75 % (w/v) dry matter were sedimented at 59,780 rev./min. in 0.1 Mphosphate buffer pH 7.4 at 20". Fig. 2 shows a typical Schlieren diagram and the enzyme is seen to contain a major and a minor component, the former having a sedimentation coefficient ( s , , , , ) of 5.0, the latter of 13.8 Svedberg units. Nigrosine solution 0.001 % (wlv) in 2 % (vlv) acetic acid) was used to locate protein and the enzyme samples were resolved into one discrete band which moved ahead of a second rather diffuse band.
Spectrophotometric assay of perchloric acid extracts of the enzyme preparations showed the presence of nucleic acid in a ratio of 3 : 2 with protein. The enzyme present in these preparations containing the two components was then examined.
A series of experiments was performed with olive oil. Earlier work (Henderson, 1968) had shown that 90 mg. oil in an emulsion volume of 9 ml. was a suitable substrate for assaying enzyme activities, when a total of not more than 0.6 enzyme units was present. Enzyme amounts were therefore kept below this limit.
Activity consistently reached a maximum at an assay pH of 7-4 with a uniform fall off on either side. The optimum activity was obtained over a shorter range with the purified enzyme than with the cruder preparations studied earlier (Henderson, I 968) . Fig. 3 describes two typical experiments. Fig. 4 shows the effects of incubation temperature on two batches of enzyme of slightly different activities. The results have been corrected to an arbitrary activity of I~O at 2 0 ' . The optimum is at 20" to 2 2 O , which is much lower than the optimum of 38" reported for the crude enzyme preparations (Henderson, 1968) .
The effects of metallic cations were examined. The chlorides made up in concentrated solutions were added to oil emulsions to give the molarity required. Results are shown in Table 3 .
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C. HENDERSON The hydrolysis of pure substrates, tributyrin, tricaproin, tricaprylin, trilaurin and triolein, was examined. Care has to be taken in interpreting the results since Dole's extraction method is inadequate for extracting short or medium chain length acids. The toluene-ethanol method of Cohen et al. (1969) , a satisfactory alternative, was used to check these results. Dole & Meinertz (1960) give a series of extraction ratios which can be used to correct for the incomplete extraction of short chain fatty acids. The results, using the toluene-ethanol method, agreed well with those from the heptaneisopropanol procedure corrected in this way. Table 4 shows the relative activities of Anaerovibrio 1z)oZytica lipase towards these pure triglycerides and also towards olive oil, olive oil triglycerides, diolein and ethyl oleate.
After the enzymic hydrolysis of pure triglycerides, the hydrolysates were acidified 6.6 7.0
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Incubation temperature Anaerovibrio lipolytica lipase 87 and extracted with diethyl ether. Examination of these extracts by thin-layer chromatography detected only fatty acids and residual triglycerides, mono-and diglycerides being absent. 
DISCUSSION
Pollock (1962) gives three criteria which must be satisfied before an enzyme can be classified as extracellular. The lipase produced by batch cultures of Anaerovibrio Zipofytica has been shown to satisfy the first two, namely, the lipase appears in the medium early in the life of the culture when little cell lysis has occurred, and secondly no lipase activity is found associated with the bacteria or with fragmented bacteria. Pollock's third test was not applied in this study. When the stationary phase is approached the enzyme production ceases and in the acid conditions which develop in uncontrolled cultures rapid loss of enzyme activity occurs.
The complete purification of the lipase has not been possible. Large losses accompanied every attempt to concentrate the small amount of activity present in large volumes of culture medium. Even the best method, ammonium sulphate precipitation and cellulose adsorption involved a loss of over 70 % of the initial activity, perhaps due to some irreversible adsorption of the enzymes on the cellulose. Downey & Andrews (1965) argued that the ability of lipases to attack emulsified substrates suggested that lipases possessed special adsorptive properties which could lead to losses of enzyme on Sephadex columns. A similar phenomenon could explain total loss of activity on DEAE-Sephadex and DEAE-cellulose columns.
Spectrophotometric and chemical analysis of the enzyme preparations from Sephadex G-200 columns showed a complex mixture of nucleic acid and protein. These preparations could be resolved into two components in the analytical ultracentrifuge or by electrophoresis on cellulose acetate. Because it has been impossible to separate these two components on a preparative scale, it is not known whether both have lipolytic activity or what the chemical composition of each component is. The complex nature of the enzyme preparation is similar to that of the proteinase of Blackburn (I 968) from another rumen bacterium.
Lipase preparations, purified on Sephadex G-200, have an optimum activity at 7-4. This is typical of microbial lipases and Lawrence (1967) lists a number of lipases which are most active at, or just above, neutrality. The temperature optimum of the purified 88 C. HENDERSON lipase was much lower than that reported earlier (Henderson, 1968) for crude preparations. This is probably due to the removal of medium components exerting a stabilizing effect on the more impure enzyme. The effects of peptone in the medium on the heat stability of impure bacterial lipases have been described by Lawrence, Fryer & Reiter Hobson (1965) also noted that lipase production by Anaerovibrio ZipoZytica (5s) was greater when NaCl was absent from the medium.
Care has to be taken in interpreting the significance of the enzyme activity towards different triglycerides solely in terms of fatty acid chain length since the various substrates have widely varying physical properties and the state of the emulsion has a profound effect on the course of the reaction. However, the largest activity towards pure triglycerides was obtained with trilaurin which was the most difficult to prepare in fine emulsion. Olive oil is a more favourable substrate than the triglycerides isolated from it, perhaps because of the presence of diglycerides which were more rapidly attacked than triglycerides, a finding which accounts for the absence of diglyceride in the hydrolysates from pure triglycerides. This property also gives an interesting link between the enzyme and what may be its natural substrate since in pasture-fed ruminants most of the neutral lipids are in the form of galactosyldiglycerides which yield diglycerides after attack by galactosidases.
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